BACKGROUND OF THE INVENTION 
(Field of the Invention) 

The present invention generally relates to high-frequency integrated 
circuit devices and more particularly, to a high-frequency integrated circuit device 
acting as a transmission power amplifier circuit for a code division multiple access 
(CDMA) modulation type portable terminal, in which a setting bias of an amplifier is 
changed over at the time of low power output and high power output and a bipolar 
transistor is employed for raising efficiency at the time of low power output. 
(Description of the Prior Art) 

In the transmission power amplifier circuit for the CDMA modulation 
type portable terminal, since power control is performed during communication, 
high priority is given to not only power additional efficiency at the time of high 
power output but efficiency at the time of low power output. Thus, by changing 
over a setting bias of an amplifier at the time of low power output and high power 
output, the amplifier is operated. Therefore, a conventional power amplifier circuit 
disclosed in, for example, Japanese Patent Laid-Open Publication No. 6-13816 
(1994) includes a high-frequency transistor for amplifying a signal and a bias circuit 
for supplying a base bias to the high-frequency transistor such that a bias 
changeover switch for changing over a setting bias of the high-frequency transistor 
is provided in the bias circuit. Meanwhile, another known power amplifier circuit 
disclosed in, for example, Japanese Patent Laid-Open Publication No. 2001- 
274636 (2001) includes a bias circuit in which a bias generating circuit and a 
reference voltage generating circuit acting as a temperature compensation circuit 
for performing temperature compensation of the bias generating circuit are 
provided. 



In a prior art power amplifier circuit in which the configurations of the 
above conventional power amplifier circuit and the above known power amplifier 
circuit are combined with each other, the bias changeover switch is turned off at 
the time of high power output of the high-frequency transistor such that a voltage 
5 from the bias circuit is supplied to the high-frequency transistor as it is. The base 
bias of the high-frequency transistor at this time is set such that the high-frequency 
transistor fully satisfies distortion characteristics at the time of high power output. 

On the other hand, at the time of low power output of the high- 
frequency transistor, the bias changeover switch is turned on, so that electric 

10 current flows through the bias changeover switch such that the base bias of the 
high-frequency transistor is lowered. At the time of low power output of the high- 
frequency transistor, since the high-frequency transistor lies in a linear operation 
area even if the base bias is lowered, the high-frequency transistor can operate 
under conditions in which the high-frequency transistor is capable of fully satisfying 

1 5 the distortion characteristics. 

By this base bias changeover function of the bias changeover switch, 
the high-frequency transistor can raise efficiency at the time of low power output 
having the linear operation area. Meanwhile, in order to greatly raise efficiency at 
the time of low power output of the high-frequency transistor, it is effective to 

20 change over a collector supply voltage of the high-frequency transistor such that at 
the time of low power output, the collector supply voltage is lowered to a level at 
which the distortion characteristics of the high-frequency transistor are satisfied. 

In the above described prior art power amplifier circuit including the 
bias changeover switch for changing over the base bias of the high-frequency 

25 transistor, the bias changeover switch changes over the base bias set by the bias 
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circuit so as to reduce idle current of the high-frequency transistor such that 
efficiency at the time of low power output is raised. The efficiency at the time of 
low power output exhibits an increase of 1 to 2 %. 

Meanwhile, in case the collector supply voltage of the high- 
5 frequency transistor at the time of low power output is lowered, for example, from 
3.5 V to 1 .2 V, an increase of the efficiency amounts to 15 % approximately. 

If the function of changing over the base bias of the high-frequency 
transistor and the function of changing over the collector supply voltage of the 
high-frequency transistor are performed in combination, the efficiency is raised 
10 largely. However, in order to impart these changeover functions to the prior art 
power amplifier circuit, such problems arise that the number of components of the 
portable terminal increases and the portable terminal becomes larger in size 
resultantly. 

SUMMARY OF THE INVENTION 

15 Accordingly, an essential object of the present invention is to provide, 

with a view to eliminating the above mentioned drawbacks of prior art, a high- 
frequency integrated circuit device in which connection of a power source of a 
high-frequency transistor to that of a bias circuit serves to, at the time of low power 
output of the high-frequency transistor, not only lower a collector supply voltage of 

20 the high-frequency transistor but reduce idle current of the high-frequency 
transistor so as to raise efficiency at the time of low power output of the high- 
frequency transistor. 

In order to accomplish this object of the present invention, a high- 
frequency integrated circuit device according to the present invention includes a 

25 semiconductor amplification element. A bias circuit applies a bias voltage to the 

-3- 



semiconductor amplification element A power source of the bias circuit is 
connected to a power source of the semiconductor amplification element via a 
semiconductor element such that idle current of the semiconductor amplification 
element can be changed in response to change of a supply voltage of the 
semiconductor amplification element. 
BRIEF DESCRIPTION OF THE DRAWINGS 

This object and features of the present invention will become 
apparent from the following description taken in conjunction with the preferred 
embodiments thereof with reference to the accompanying drawings in which: 

Fig. 1 is a circuit diagram showing a configuration of a transmission 
power amplifier circuit for a CDMA modulation type portable terminal as a high- 
frequency integrated circuit device according to a first embodiment of the present 
invention; 

Fig. 2 is a circuit diagram showing a configuration of a transmission 
power amplifier circuit for a CDMA modulation type portable terminal as a high- 
frequency integrated circuit device according to a second embodiment of the 
present invention; and 

Fig. 3 is a circuit diagram showing a configuration of a transmission 
power amplifier circuit for a CDMA modulation type portable terminal as a high- 
frequency integrated circuit device according to a third embodiment of the present 
invention. 

Before the description of the present invention proceeds, it is to be 
noted that like parts are designated by like reference numerals throughout several 
views of the accompanying drawings. 
DETAILED DESCRIPTION OF THE INVENTION 



Hereinafter, embodiments of the present invention are described 
with reference to the drawings. 
(First embodiment) 

Fig. 1 shows a configuration of a transmission power amplifier circuit 
5 for a CDMA modulation type portable terminal as a high-frequency integrated 
circuit device according to a first embodiment of the present invention. This 
power amplifier circuit employs bipolar transistors as transistors and includes a 
high-frequency transistor Q1 for amplifying a high-frequency signal and a bias 
circuit 40 for supplying a base bias to the high-frequency transistor Q1 . The bias 

10 circuit 40 is constituted by a bias generating circuit 20 for generating the base bias 
and a temperature compensation circuit 30 for performing temperature 
compensation of the bias generating circuit 20, A collector supply voltage Vc is 
supplied from a collector power source 7 to the high-frequency transistor Q1 such 
that a collector current Ic flows through the high-frequency transistor Q1 . 

15 The bias generating circuit 20 includes a power source 6 for 

receiving a bias voltage Vcb and transistors Q4 and Q5, which transistors form an 
emitter follower circuit . The base bias of the high-frequency transistor Q1 is 
outputted from the emitter follower circuit. A collector of the transistor Q4 is 
connected to the power source 6, while emitters of the transistors Q4 and Q5 are 

20 grounded via a resistor 8 having a resistance R1 . A collector of the transistor Q5 
is connected to the collector power source 7 of the high-frequency transistor Q1 
through a resistor 1 0 having a resistance R3. 

The temperature compensation circuit 30 includes a terminal 3 for 
receiving a reference voltage Vref, a resistor 9 having a resistance R2 and 

25 transistors Q2 and Q3, which transistors are each diode-connected. A base of 
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the transistors Q4 and Q5 of the bias generating circuit 20 is connected to a 
junction of the transistor Q2 and the resistor 9. In the temperature compensation 
circuit 30, threshold value of the transistors Q2 and Q3 changes according to 
temperature so as to compensate for change of threshold value of the transistors 
Q4 and Q5 of the bias generating circuit 20 caused by temperature such that 
temperature compensation of idle current of the high-frequency transistor Q1 is 
performed. 

Hereinafter, operation of the power amplifier circuit of the above 
described configuration is described. In Fig. 1 , when the collector supply voltage 
Vc of the high-frequency transistor Q1 is changed over at the time of low power 
output and high power output of the high-frequency transistor Q1 by connecting 
the collector of the transistor Q5 to the collector power source 7 of the high- 
frequency transistor Q1 through the resistor 10 having the resistance R3, the high- 
frequency transistor Q1 is operated through changeover of the base bias and the 
collector bias. In case the high-frequency transistor Q1 is an AIGaAs 
heterojunction bipolar transistor (HBT), the bias voltage Vcb supplied to the power 
source 6 of the bias generating circuit 20 and the reference voltage Vref supplied 
to the terminal 3 of the temperature compensation circuit 30 are set to about 3 V. 

At the time of high power output of the high-frequency transistor Q1 , 
the collector supply voltage Vc of the high-frequency transistor Q1 is set high to, for 
example, 3.5 V. The resistance R3 of the resistor 10 is set such that collector 
current of the transistor Q5 flows sufficiently at this time. The base bias of the 
high-frequency transistor Q1 is outputted from the emitter follower circuit formed by 
the transistors Q4 and Q5. 

At the time of low power output of the high-frequency transistor Q1, 



the collector supply voltage Vc of the high-frequency transistor Q1 is set low to, for 
example, 1 .2 V. At this time, since there is no potential difference between an 
emitter and a collector of the transistor Q5, collector current of the transistor Q5 
does not flow. Therefore, since the base bias of the high-frequency transistor Q1 
is outputted from the emitter follower circuit formed by only the transistor Q4, the 
base bias of the high-frequency transistor Q1 is set low and thus, idle current of the 
high-frequency transistor Q1 is set to be smaller than that at the time of high power 
output. 

In the high-frequency transistor Q1, quantity of change of the idle 
current relative to that of the collector supply voltage Vc is determined by a 
magnitude of the resistance R3 of the resistor 10 and a ratio of a size of the 
transistor Q4 to that of the transistor Q5. 

In this embodiment, the collector power source 7 of the high- 
frequency transistor Q1 is connected to the collector of the transistor Q5 through 
the resistor 10 having the resistance R3. Therefore, at the time of low power 
output of the high-frequency transistor Q1 , not only the collector supply .voltage Vc 
of the high-frequency transistor Q1 is lowered but the idle current of the high- 
frequency transistor Q1 is reduced. As a result, it is possible to raise efficiency at 
the time of low power output of the high-frequency transistor Q1 . 
(Second embodiment) 

Fig. 2 shows a configuration of a transmission power amplifier circuit 
for a CDMA modulation type portable terminal as a high-frequency integrated 
circuit device according to a second embodiment of the present invention. This 
power amplifier circuit includes the high-frequency transistor Q1 and a bias circuit 
50, The bias circuit 50 is constituted by a bias generating circuit 20A and the 



temperature compensation circuit 30. The base bias of the high-frequency 
transistor Q1 is outputted from an emitter follower circuit formed by only the 
transistor Q4. A collector of the transistor Q4 has two branch lines. One of the 
branch lines is connected to the power source 6 of the bias generating circuit 20A 
5 by way of a resistor 1 1 having a resistance R4 and a diode D1 , while the other of 
the branch lines is connected to the collector power source 7 of the high-frequency 
transistor Q1 via a diode D2. Since other configurations of this power amplifier 
circuit are similar to those of the power amplifier circuit of Fig. 1 , the description is 
abbreviated for the sake of brevity. 

10 In the power amplifier circuit of Fig. 2, by changing over the collector 

supply voltage Vc of the high-frequency transistor Q1 at the time of low power 
output and high power output of the high-frequency transistor Q1 in the same 
manner as the first embodiment, the high-frequency transistor Q1 is operated 
through changeover of the base bias and the collector bias. In the same manner 

15 as the first embodiment, the bias voltage Vcb and the reference voltage Vref are 
set to about 3 V. 

At the time of high power output of the high-frequency transistor Q1, 
the collector supply voltage Vc of the high-frequency transistor Q1 is set high to, for 
example, 3.5 V. At this time, the collector bias of the high-frequency transistor Q1 

20 is supplied through the diode D2. In case the diode D2 is formed by an AIGaAs 
HBT, the diode D2 has a threshold voltage of about 1.2 V. Therefore, since a 
collector voltage of about 2.3 V is supplied to the transistor Q4, the transistor Q4 is 
operated in a saturation area such that a sufficiently high base bias is supplied to 
the high-frequency transistor Q1 . 

25 At the time of low power output of the high-frequency transistor Q1, 



the collector supply voltage Vc of the high-frequency transistor Q1 is set low to, for 
example,, 1 .2 V. At this time, since the diode D2 is turned off, the collector bias of 
the transistor Q4 is supplied from the power source 6 via the diode D1 and the 
resistor 11. In case the transistor Q4 is an AIGaAs HBT so as to be operated in a 
linear region at this time, the resistance R4 of the resistor 11 is determined such 
that a voltage between a collector and an emitter of the transistor Q4 assumes 
about 0.3 V. As a result, the base bias of the high-frequency transistor Q1 is set 
to be lower than that at the time of high power output and the idle current of the 
high-frequency transistor Q1 is reduced. 

The configuration of the second embodiment employing the diodes 
D1 and D2 and the resistor 11 can be applied to the configuration of the first 
embodiment employing the emitter follower circuit formed by the transistors Q4 
and Q5. 

In this embodiment, the collector power source 7 of the high- 
frequency transistor Q1 is connected to the power source 6 of the bias circuit 50. 
Therefore, at the time of low power output of the high-frequency transistor Q1, not 
only the collector supply voltage Vc of the high-frequency transistor Q1 is lowered 
but the idle current of the high-frequency transistor Q1 is reduced. As a result, it 
is possible to raise efficiency at the time of low power output of the high-frequency 
transistor Q1. 
(Third embodiment) 

Fig. 3 shows a configuration of a transmission power amplifier circuit 
for a CDMA modulation type portable terminal as a high-frequency integrated 
circuit device according to a third embodiment of the present invention. This 
power amplifier circuit includes the high-frequency transistor Q1 and a bias circuit 



60. The bias circuit 60 is constituted by the bias generating circuit 20 and a 
temperature compensation circuit 30A. In the temperature compensation circuit 
30 of the first embodiment, each of the transistors Q2 and Q3 is diode-connected. 
On the other hand, in the temperature compensation circuit 30A, the transistors Q2 
and Q3 form a current mirror circuit and an emitter of the transistor Q3 is grounded 
via the resistor 1 1 . Since other configurations of this power amplifier circuit are 
similar to those of the power amplifier circuit of Fig. 1, the description is 
abbreviated for the sake of brevity. 

In comparison with the temperature compensation circuit 30 of Fig. 1 
in which each of the transistors Q2 and Q3 is diode-connected, temperature 
compensation of the bias generating circuit 20 is performed to a higher level by the 
temperature compensation circuit 30A in which the transistors Q2 and Q3 form the 
current mirror circuit, so that temperature characteristics of the power amplifier 
circuit are further improved. 

The configuration of the third embodiment in which the current mirror 
circuit is used for the temperature compensation circuit 30A can be applied to the 
power amplifier circuit of the second embodiment. 

In this embodiment, the collector power source 7 of the high- 
frequency transistor Q1 is connected to the collector of the transistor Q5 through 
the resistor 10 having the resistance R3. Therefore, at the time of low power 
output of the high-frequency transistor Q1 , not only the collector supply voltage Vc 
of the high-frequency transistor Q1 is lowered but the idle current of the high- 
frequency transistor Q1 is reduced. As a result, it is possible to raise efficiency at 
the time of low power output of the high-frequency transistor Q1 . 

Furthermore, in this embodiment, since the transistors Q2 and Q3 of 
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the temperature compensation circuit 30A form the current mirror circuit capable of 
performing temperature compensation of the bias generating circuit 20 to a higher 
level, temperature characteristics of the power amplifier circuit are further 
improved. 

In the first to third embodiments referred to above, the high- 
frequency transistor Q1 is used as a single-stage amplifier but may also be used 
as a multistage amplifier. 

Meanwhile, in the first to third embodiments, even if the bias circuit is 
formed on a single chip or on a plurality of chips, the similar effects can be gained. 

Furthermore, in the bias generating circuit of the first to third 
embodiments, the emitter follower circuit formed by either only the transistor Q4 or 
the transistors Q4 and Q5 is employed but the similar effects can be achieved 
even if the resistor 8 is replaced by a diode. 

Moreover, in the temperature compensation circuit of the first and 
third embodiments, in case on-off control of base current of the high-frequency 
transistor Q1 is not performed by the reference voltage Vref, the transistor Q5 is 
not required to be provided for connecting the collector power source 7 to the base 
of the high-frequency transistor Q1 but only the resistor 10 may be provided 
therefor. 

As is clear from the foregoing description, the high-frequency 
integrated circuit device of the present invention includes the semiconductor 
amplification element and the bias circuit for applying the bias voltage to the 
semiconductor amplification element. Furthermore, the power source of the bias 
circuit is connected to the power source of the semiconductor amplification 
element via the semiconductor element such that idle current of the semiconductor 



amplification element can be changed in response to change of the supply voltage 
of the semiconductor amplification element. 

Therefore; at the time of low power output of the semiconductor 
amplification element, not only the supply voltage of the semiconductor 
amplification element is lowered but the idle current of the semiconductor 
amplification element is reduced. As a result, it is possible to raise efficiency at 
the time of low power output of the semiconductor amplification element. 



